The ability of biological tissues (cells or fractions thereof) to bind dissolved metals is well known. There is considerable interest in the potential applications of biosorption in the recovery of metals from aqueous streams (6, 8) . Biological metal removal processes may be directed toward either environmental protection or the recovery of precious or strategic metals. However, the utility of a particular biosorbent will depend, in part, on its selectivity for the metal of interest, its kinetics of binding, its metal-loading capacity, and its potential for regeneration.
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Aqueous effluents that are produced during nuclear power and defense activities frequently contain small amounts of dissolved metals, including radionuclides. These effluents derive from various sources, including reactor coolant water, evaporator condensate, fuel-reprocessing waste, and contaminated groundwater. Metals contained within these wastes include the fission products strontium (Sr) and cesium (Cs). The concentrations of these metals generally do not exceed parts-per-million (milligrams-per-liter) levels.
The concentrations of their radioisotopes (e.g., ' Sr and '37Cs) may be as low as 1% those levels (11, 15, 16) .
Removal of radionuclides is a critical component of the treatment of nuclear industry effluents. 90Sr poses a particular health hazard because of its tendency to be incorporated into bone and other calcium-rich mammalian tissues. The chemical behavior of "7Cs mimics that of sodium and potassium, which are readily absorbed by cells. However, chemical or biochemical processes for the removal of 'Sr and 137Cs from effluents cannot discriminate between the stable and radioactive isotopes of these metals. Effective treatment processes must therefore achieve near-quantitative removal of the dissolved metals.
Current technologies for Sr and Cs removal from nuclear industry effluents are based on the use of zeolite ionexchange resins (11 basis of either K+ or Ca2" (as their chloride salts) or EDTA (as its sodium salt) in accordance with the procedures outlined above. Cell suspensions were incubated for 1 h and washed twice. Cells were suspended in ddH2O at a concentration of 0.5 g of cell wet weight per ml and chilled to 0°C. These cell suspensions were broken by treatment with a power French press (American Instrument Co., Silver Spring, Md.). Cells were passed through the press twice at a pressure of 10,000 lb/in2 and once at 15,000 lb/in2. Cell preparations were centrifuged at 27,000 x g for 10 min at 5°C to remove unbroken cells and large fragments. Supernatants from this first centrifugation step were recentrifuged at 200,000 x g for 2 h at 4°C. Supernatants from the second centrifugation step were assayed for Sr.
Reagents. All cell culture media were obtained from Difco Laboratories (Detroit, Mich. (v) Activity of variants. Close inspection of the culture used in this work revealed the presence of two variants. These variants could be isolated in a nutrient agar culture on the basis of colony surface appearance and depth of yellow pigmentation. Both were confirmed microscopically as M. luteus, and colony counts indicated that the variants were present in roughly equal proportions. The more highly pigmented form bound slightly more Sr than did its covariant: metal loadings were 9.3 and 7.7 mg/g of cell dry weight, respectively (10-ppm challenge solution, 1-h incubation). The Sr-binding ability of the original, heterogeneous culture (8.9 mg/g of cell dry weight) was found to approximate the average ability of the two variants (8.5 mg/g of cell dry weight).
Elution of Sr. (i) Effect of competing cations. Both monovalent and divalent ions could be substituted for previously bound Sr (Table 6 ). Divalent ions replaced Sr somewhat more effectively than did monovalent ions, particularly at high concentrations. However, the maximal degree of Sr removal observed was 54%, a value substantially lower than that theoretically possible under the test conditions.
(ii) Effect of pH. Sr bound at pH 7 was eluted at pH values (14), who demonstrated that lead bound by M. luteus was associated not with the cell wall but with membranes. Unfortunately, the cell fractionation procedure used here does not distinguish between the two components.
Still, the possibility of intracellular Sr uptake cannot be ruled out. Circumstantial evidence for the existence of intracellular Sr-binding sites in M. luteus is provided by the results of chemical pretreatments. Sr binding was enhanced by heat treatment or by exposure to anionic, dipolar ionic, and nonionic detergents. These manipulations tend to increase cell permeability and may enhance intracellular Sr uptake. Indeed, detergent treatment has been shown elsewhere to stimulate the uptake of thorium by fungal biomass by increasing cell permeability (2) . Prior incubation of cells with a cationic detergent inhibited Sr binding; however, in this case, a permeabilization effect may have been offset by the blocking of acidic Sr-binding sites. A small amount of Sr was indeed found in association with soluble cytoplasmic material in loaded cells. Moreover, exposure of these cells to Ca, K, or EDTA-treatments shown to effect Sr removal from intact cells-similarly decreased the amount of Sr associated with this material. These findings suggest that Sr uptake, if it occurs, results in the formation of an intracellular pool of soluble Sr. Absorbed Sr may also exist in insoluble form. Bound Sr may be associated with ribosomes, which in this work were not separated from the cell envelope fraction. Alternatively, absorbed metal may precipitate in situ because of its concentration within the cell. This latter phenomenon has been demonstrated elsewhere. Uranium bound by Pseudomonas aeruginosa resides as intracellular deposits (13) . Binding involves a rapid, metabolism-independent uptake of dissolved metal that is fairly insensitive to environmental parameters. These characteristics mimic those of Sr binding by M. luteus, as described above. Binding to the cell surface may be a prerequisite to absorption. However, since the cells used here were incubated with Sr for only 1 h, the ultimate distribution of Sr in or on the cells cannot be determined from this work.
M. luteus cells loaded with Sr exhibited slight morphological aberrations. Sr was shown elsewhere to affect cell shape in B. stearothermophilus (5) , perhaps by disruption of normal cell wall-cation interactions. Cells loaded with Sr were successfully fractionated by the procedure used in this work.
However, EDTA and Mg2+ were found to stabilize Srloaded cells against breakage. The relevance of this activity to their elution of Sr is not known. Still, these data suggest that Mg2" and perhaps other divalent cations provide temporary protection against the spontaneous loss of Sr by stabilizing the cell surface component(s) to which Sr is bound.
The basis for the spontaneous release of bound Sr is not known. However, this release was earlier observed to correlate with the loss of yellow pigment from the mixed culture (15) . Results obtained here with the two variants provide further evidence that the yellow pigment-which is necessarily a cell surface component-contributes to Sr binding by this organism. Isolated bioflavonols (i.e., yellow pigments associated with plant cells) have been shown elsewhere to bind uranium (12) . In any case, other cell components may have a more important role in Sr binding by M. luteus. Strandberg et al. (13) found that only 44% of their culture of P. aeruginosa bound uranium, but obvious differences between their two subcultures were not apparent.
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